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INDEPENDENCE OF GALVANIC SKIN RESPONSE AMPLITUDE
AND SWEAT PRODTJCTION*
BOBERT EDELBERO, Pu.D.t
Although the galvanic skin response (GSR) has
at various times been thought to reflect muscu-
lar or vascular phenomena (1), experimental evi-
dence has gradually established an almost over-
whelming case in favor of the sweat gland as the
site of the observed electrical changes (2). There
are nonetheless several indications that the GSR
in fact depends upon two components. For ex-
ample, the ndosomatic GSR contains both posi-
tive and negative waves; either of these may ap-
pear separately, and the two react differentially
to temperature change (3). Furthermore, the posi-
tive component can be attenuated by hypoxia,
while the negative wave is unaffected (4). Other
evidence for a two component system rests on
the demonstration of independence between the
exosomatic and endosoniatic responses (4, 5) or
between impedance responses and resistance re-
sponses (6).
In the above studies it has been for the most
part assumed that the sweat gland is one of the
two components and that it plays a dominant
role in the total reflex. Carmichael (7), however,
was able to eliminate sweating by the introduc-
tion of atropine without inactivating the GSR.
Other work has indicated that exosomatic GSRs
can be recorded with microelectrodes from iso-
lated epidermis as well as from sweat glands (8),
and that the epidermal component may have a
tactile function (9). Wilcott (10) from measure-
ments with electrodes at various skin depths,
and Richter (11) by anatomical comparisons, also
concluded that the epidermis may participate in
variations of skin resistance. The hypothesis that
a component other than the sweat gland, presum-
ably epidermal, contributes prominently to the
GSR implies that GSR amplitide must at times
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be independent of sweat gland activity. In this
paper physiological, topological and temporal
comparisons will be presented to demonstrate
that the amplitude of the GSR does not depend
on the amount of sweat produced.
METHOD
Apparatus
The GSR was recorded in part with the use of
a constant current bridge circuit feeding into a
high impedance 1).C. amplifier, and in part with
an AC. coupled circuit as described elsewhere
(12). Sweat production was measured by a device
similar in general configuration to that of Darrow
(13), but in place of his salt-impregnated thread,
the transducer element was a hard surface, afford-
ing a rugged, easily maintained unit, in which all
of the vapor exchange would take place in the
very thin layer of surface material applied. A
stream of dry air flowed in a layer 2 mm thick
over 1 sq cm of skin and then across the transducer
element before leaving the chamber. The element
is made as follows: Two silver wires are bent into
a zig-zag pattern to achieve a large effective length
(3 cm) over the smallest linear distance (1.5 cm).
They are laid parallel, approximately 3 mm apart,
and heatpressed into a plastic plate. The wires
are scraped until flush with the plastic surface
and anodized in 1M KCI at 3 ma for 3 minutes.
The unit is rinsed, dried, coated with a mixture
containing 1 part of a liquid anionic detergent* to
1 part of glycerol, and the excess wiped off. This
film will last for several weeks before renewal is
required. The unit, whose resistance varies be-
tween 0.1 and 10 megohms, has a latency of less
than 0.1 seconds and a time constant of 0.5 sec-
onds. It is used with a current of 0.5 /2Amps in a
D.C. bridge circuit. A two-point calibration is ob-
tained by placing the unit over (a) a dry surface
at 30° C and (b) a wet surface of blotting paper
at 30° C.
Subjects and Procedure
Subjects were paid volunteers of both sexes
ranging in age from 18 to 34. Silver-silver chloride
GSR electrodes were applied with a starch-saline
paste as described elsewhere (14) and allowed to
stabilize for 15 minutes. Depending on the stage
of the investigation either two palmar sites on
fingers of the same hand, a palmar and dorsal site
*
'Tergitol' Anionic 4, sodium tetradecyl sul-
fate, Union Carbide Chemicals Co.
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FIG. 1. Effect of arterial occlusion on amplitudes of sweat (vapor) response and GSR. Vapor and GSR
records were obtained simultaneously on separate recorders. Upper trace of each block is the experi-
mental finger, L3, bearing a GSR electrode and vapor detector. Lower trace is from control finger, L4. A.
Before occlusion. B. After 8 minutes of arterial occlusion of finger L3 only. C. Five minutes after release
of cuff pressure. Vapor and resistance increase downward. Vertical lines are at 15 second intervals.
Vertical GSR calibration is 1000 ohms. Stimuli are questions regarding subject's past experiences.
on the same finger, or a palmar and dorsal site on
two separate fingers were monitored. In the pres-
sure cuff experiments the two sites were on sepa-
rate fingers so that one could be used as a com-
parison while the blood supply to the other was
occluded. Two vapor indicators were placed on
nearby sites either palmar or dorsal as required
by the nature of the experiment.
The subject was seated in a comfortable chair
while stimuli consisting of tones, lights, questions
or simple tasks, as well as sudden sniffs and deep
breaths, were used to elicit responses. In the arte-
rial occlusion experiments a 15 minute period was
allowed for collection of control data prior to in-
flation of the occlusive cuff on the upper arm. The
cuff was inflated quickly and maintained at 280
mm Hg for 10 minutes. The operator continued
to elicit responses from the subject during this
period and during the 15 minutes following defla-
tion of the cuff.
Treatment of the Data
Amplitudes of GSRs (change in resistance)
and of sweat responses were measured from onset
to peak. Where appropriate, transformation to
change in conductance was made. Most compari-
sons were made by using the amplitude ratio of
two simultaneous GSRs or of two simultaneous
sweat responses. When two GSR waves occurred
in quick succession, the attendant sweat responses
were relatively fused as a result of their longer
duration and thus quantitative measurements be-
came difficult. For this reason, measures were re-
stricted to sweat waves which reached peak before
the start of another wave.
RESULTS
Arterial Occlusion Experiments
Since the sweat gland is sensitive to hypoxia
(15), arterial occlusion was used in an effort to
determine whether the GSR persists when sweat
production is artificially reduced. Comparisons
made on simultaneous recordings of sweat and
GSR on an occluded and a non-occluded arm
showed an average reduction of the sweat re-
sponses of 15 subjects to 39 28 (SD) per cent
in the period between S and 10 minutes after oc-
clusion, while the GSR fell to 75 16 (SD) per
cent. Deflation of the cuff caused a rapid return
of the sweat responses to control level or greater.
It is of special interest that in 3 subjects the oc-
clusion reduced the sweat response to less than
30% of control level while the GSR was either
not changed or somewhat elevated. An example
from one such subject is shown in Figure 1.
Regional Comparisons of Sweat Response and
GSR
If the resistance response depends solely on
sweat gland activity, it is to be expected that
areas having significantly different concentrations
of sweat glands, e.g. the palmar and dorsal sur-
faces of the fingers, would show a difference in
their relative resistance responses in proportion
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Resistance Change
1.51
.99
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.38
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1 .94
.68
1 .85
1 .40
to the difference in sweat gland concentration.
The ratio of sweat gland concentration in these
two areas is almost 2: 1 as reported by Krause
(16).
The ratio of palmar to dorsal sweat response
amplitudes was determined for each of 13 sub-
jects (10 paired responses on each) and found to
have a median vlaue of 4.2:1. The dorsal re-
sponses frequently appeared to be zero, and were
in these cases arbitrarily assigned the value of
the smallest measurable increment rather than
zero. Thus the ratios are minimum ones and may
have actually been considerably larger. Record-
ings of palrnar and dorsal GSR were simultane-
ously obtained on 10 of these subjects. Since the
palmar and dorsal base resistance differed con-
siderably, conversion to change in conductance
was used for this comparison to correct for base
level effect (17). The median ratio of response
was 1.4: 1. Examination of these results in Table
1 reveals several discrepancies between the sweat
and conductance change ratios. The rank order
correlation did not reach significance between
either sweat response and resistance change (p =
0.19) or conductance change (p = 0.46). An ex-
ample of the lack of relationship is shown in the
recording of Figure 2.
Temporal Comparisons of Sweat Responses and
Conductance Responses
If conductance response depends solely on
sweat gland activity, one should expect a signif-
icant correlation between amplitudes of GSRs
and sweat responses obtained from a single sub-
ject over a period of time. Palmar GSR and sweat
sites on two fingers of the same hand were moni-
tored sinmltaneously on 12 subjects and Pearson's
r determined for each, using the first 30 paired
responses. Because of the controversy over how
best to express GSR amplitude (18), the correla-
tions were determined both for resistance change
and conductance change. Seven out of these 12
failed to show a significant correlation between
sweat response and conductance change and 8
of the 12 showed no significant relation to resist-
ance change (Table 2). Examples from 2 subjects
of the independence of GSR and sweat response
are shown in Figure 3. Note that the sweat re-
sponses of Si become progressively smaller while
the GSRs continue relatively unchanged. Two of
the GSRs of S2 are unaccompanied by any sweat
response, while others show a lack of proportion-
ality.
DISCUSSION
The data have demonstrated that the ampli-
tude of the GSR may bear little or no relation to
the amount of moisture secreted. This independ-
ence becomes manifest (a) when sweating is re-
duced by artificially induced hypoxia, (b) when
two regions of skin on the same hand with differ-
ent magnitudes of vapor production display iden-
FINGER
VAPOR
DORSAL
FINGER
EXO GSR
TABLE 1
Ratio of palmar to dorsal response amplitudes for
sweat, conductance change and resistance change
'in rank order according to ratio for sweat. Each
row represents results obtained for the sum of ten
corresponding responses on a single subject
Sweat
.68
.74
.82
1.91
3.59
3.81
4.22
4.48
5.22
5.94
14.46
15.85
33.09
Conductance Change
2.37
1.12
1 .33
.68
.96
2.06
1.41
1.18
3.06
3.41
FIG. 2. Comparison of amplitudes of sweat
(vapor) response and GSR from palmar and dorsal
finger sites. All traces simultaneously recorded.
Note absence of sweat activity during high GSR
activity of dorsal site. Vertical calibrations for
exosomatic GSR are 1000 ohms. Upper signal trace
denotes stimuli or time marker as follows: I, warn-
ing light flash; It, light flash with recognition task;
Ans, light flash and subject report on recognition
task; C, command signal (click); P, execution
signal (click) with physical task (deep breath); T,
10 second time marker.
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TABLE 2
Individual product moment correlations between
amplitude of sweat response and (a) GSR con-
ductance change, (b) GSR resistance change, using
30 paired responses
Conductance Change Resistance Change
r P r P
.00 NS .00 NS
.32 NS .34 NS
.49 .01 .21 NS
—.10 NS —.13 NS
.12 NS .11 NS
.62 .001 .64 .001
.20 NS .26 NS
.08 NS .06 NS
.46 .01 .53 .001
.58 .001 .57 .001
.27 NS .10 NS
.47 .01 .40 .02
tical GSR activity, and (c) when the relative
magnitudes of the resistance or conductance
change and of the associated vapor release are
compared over extended periods.
Having extablihsed this independence of GSR
amplitude and amount of vapor produced, it be-
comes appropriate to consider whether these find-
ings also imply that the GSR occurs independ-
ently of sweat gland activity. There are two
reasons for caution in extending the findings
to this conclusion. In the first place the vapor
measurements made may be a combination of
vapor released by an epidermal layer and by the
sweat gland. If the epidermal vapor production
were significantly greater than the sweat produc-
tion, but not related to GSR activity, it might
mask whatever relation existed between sweat
gland secretion and the GSR. Secondly, the
amount of sweat produced may be unrelated to
the magnitude of the permeability change in the
membrane of the sweat gland, since it may be
influenced by such factors as geometry, local
circulation and overall hydration of the body.
While this supposition may explain the independ-
ence between the GSR and the sweat response
demonstrated with arterial occlusion and with
regional comparisons, it can hardly account for
the lack of correlation between GSR and sweat
response from nearby sites over relatively short
time periods illustrated in Figure 3. Wilcott (19),
however, also recording from separate but nearby
sites, has reported a high correlation (r =
.87)
between GSR amplitude and sweat production
over short periods of time. Darrow (13) and
Wenger and Gilchrist (20) reported significant
though low correlations between sweat and the
level of palmar conductance, but did not treat
response amplitude. The contradiction between
the results of the present experiment and those of
Wilcott is a serious one. It may be a consequence
of difference in location of recorded sites (finger
as opposed to palm), or of difference in stimulus
modality. In a previous study (21) it has been
demonstrated that the ratio of sweat to resistance
response varies with the nature of the stimulus.
Whereas Wilcott restricted his stimuli to mental
activity, a wide variety of stimuli was used in
the present study. This may account for large
variation in the relative contribution of the two
hypothesized components.
One further reason to doubt the hypothesis
that the GSR and sweat gland are independent
is found in the report by Montagu (5) on the
effects of atropine, which interferes both with
sweat gland and GSR activity. He shows that
topical application of this drug, introduced locally
by iontophoresis, completely or almost completely
eliminated the GSR in 4 subjects. It may be
mentioned, however, that the literature is con-
troversial on the effects of atropine on the GSR
with Leva (22) supporting Montagu, others (7,
Si VAPOR
35K
SSR
S•2 VAPOR
3 5K
FIG. 3. Independence of amplitudes of sweat(vapor) response and simultaneously recorded
GSR as demonstrated in two subjects, Si and S2.
Vertical calibrations for GSR are 5000 ohms.
Time line, T = 20 seconds. Stimuli are half-second
tones calling for a reaction time effort by the
subject.
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23, 24) reporting no effect. Richter (11) and
Perry et al (25) showed that atropine increases
skin resistance but neither treated response am-
plitude. This controversy may be a consequence
of differences in method of administering the
drug; it might alternatively reflect different sites
of GSR activity, with atropine attenuating the
GSR only in those cases where a large sweat gland
contribution exists. The demonstration that atro-
pine inactivates the GSR, moreover, would not
preclude the existence of a non-sweat gland com-
ponent which is also cholinergic. The experi-
ments reported here are tentatively interpreted
as indicating that the GSR depends in addition
to the sweat gland, upon the activity of another
effector, which independent evidence would place
in the epidermis.
SUMMARY
Amplitude of sweat response to a variety of
non-thermal stimuli was measured with a fast
reacting vapor transducer and compared with
the amplitude of galvanic skin response (GSR)
to determine their interdependence under various
conditions. Sweat production was found to be
significantly more susceptible to hypoxia induced
by arterial occlusion than was GSR amplitude.
Comparison of responses from palmar and dorsal
regions having different concentrations of sweat
glands, showed that the ratio of sweat production
for these two areas was inconsistent with the
ratio of their GSR amplitudes. Temporal compar-
isons also demonstrated independence in that the
correlation between the amplitudes of conduct-
ance responses and associated sweat responses
in 7 out of 12 subjects tested was not significant.
Results were interpreted as supporting the hy-
pothesis that the GSR is in part independent of
sweat gland activity and that it may depend upon
a two component system, with one of the com-
ponents located on the epidermis.
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